This report presents the results of a characterization and evaluation effort on a Fujitsu 42-in. color AC plasma display. The Fujitsu display is a state-of-the-art plasma display with a size and resolution that is commercially available only from a foreign manufacturer. The objective of this effort is to evaluate the latest in foreign display technology. Areas of characterization and evaluation covered in this report are luminance/uniformity measurements, time response characteristics, red, green, and blue (RGB) color spectral scans, RGB Commission Internationale de 1'Eclairage (CIE) measurements, and aging effects.
Introduction
The Army identified a need for command post situational awareness displays, the type of displays characterized by large viewing areas and high resolution, that are intended for large audiences. Examples of these displays include projection liquid crystal displays (LCDs), projection cathode ray tubes (CRTs), large CRTs, and large screen AC plasma displays. Among these, AC plasma display has the smallest operational space/volume requirement, and the technology has the highest potential of achieving the ideal "hang-on-the-wall"-type large, flat, thin display. This report describes the results of a characterization and evaluation effort on a Fujitsu 42-m Plasmavision display monitor, performed by the U.S. Army Research Laboratory (ARL).
Japan is the leader in the research and manufacture of AC color plasma displays. It is the first country to produce commercially available AC fullcolor plasma displays, and its manufacturers are about 2 to 3 years ahead of the U.S. in the research and development (R&D) of AC color plasma panels. There is currently no U.S. manufacturer of the technology. The Fujitsu 4%in. plasma display described in this report represents the latest state-of-the-art (at the time the display was purchased), commercially available large color plasma display of such screen size. 
Display
The detailed specification for the display is shown in the appendix. A complete description of the display can be found on the Fujitsu website at http://www.fujitsu.com/plasma.html. Some main features of the display are a viewing area of 36.5 x 21 in. (42 in. diagonal), with an aspect ratio of 16:9; resolution of 852 x 480 pixels, with a color depth of 16.7 million (256 for each RGB color); and an overall dimension of 40.4 x 25.2 x 5.9 in. The display provides inputs for analog RGB, NTSC, S-Video, RS232C, and audio. It comes with its own PC1 graphics controller card and software drivers for Windows 3.1,98, NT3.51, and NT4.0. The PC1 controller outputs various resolutions, including 640 x 480,800 x 600,1024 x 768, 1280 x 1024,160O x 1200, and 852 x 480. All measurements in the report were performed in 852 x 480 resolution, unless otherwise specified.
The display comes with hardware for wall (both vertical and horizontal position) and desktop-stand mounting. The tests were performed with the display mounted on the desktop stand in a 90", upright position.
Test Equipment
The main measurement equipment used was the Spectra Pritchard PR-1980B Spectroradiometer from Photo Research. It provided measurements for luminance, uniformity, and spectral scanning. A Micron Millennir 150~MHz PC was used as a host to control the operation of the photometer through the IEEE-488 interface. The photometer was connected to a control console that, in turn, connected to the host PC. MODlO, a DOSbased, menu-driven program from Photo Research, provided the software interface and controls.
The dedicated graphics controller card, supplied by Fujitsu, was installed in a Pentium PC and connected to the plasma display through the analog DB15 connector. Test patterns were generated using Microsoft Paint. The program allowed us to control the output of different shades and mixtures of the RGB colors required for the different measurements.
A Tektronix TDS-784A digitizing scope was used for the time-response characteristic measurements.
Test Results

Luminance/Uniformity Measurement
Dependence of luminance output on information/image content.-The luminance output of the display is heavily dependent on the information/ image content displayed on the screen at the time of the measurement. What is being displayed on the screen has a significant effect on the measurement data. For example, three significantly different luminance measurements were obtained at the same spot, with the same brightness and contrast settings, but with different surrounding images. The typical luminance readings were 8.3,15.7, and 29.1 FL, respectively, when 100 percent (screen fully on), 50 percent, and 5 percent of the screen was lit. Table 1 summarizes the results.
Settling time.-A settling time of approximately 5 to 8 min was observed on the luminance output of the display before it became stable. The rate of settling appeared to be exponential, settling relatively fast during the first 0.5 to 1 min or so, then stabilizing slowly as time progressed. Off readings in excess of 20 to 30 percent of the final stabilized values are not uncommon during the first minute of settling. This is especially true for high luminance levels.
As such, unless otherwise specified, all luminance measurements performed in this report were taken with the display uniformly lit and after its brightness had fully stabilized.
Uniformity measurements.-Uniformity measurements were taken before the life test by measuring the luminance outputs at 40 locations uniformly spaced on the screen as shown in figure 1. Measurements were performed first with the photometer aimed at the center of each dot on figure 1, and then with the image of figure 1 removed and replaced with a full-on screen image (all pixels fully on), so that the same information/image content was maintained during all measurements. Three sets of measurement were made at each spot, namely, at maximum, middle, and minimum settings on both the brightness and contrast controls of the display. The results are shown in table 2. As the table shows, there is a slight increase in luminance toward the bottom and around the center of the screen; nevertheless, the display appears fairly uniform.
Time Response Characteristic
The measurement setup for the luminance response characteristic is shown in figure 2 . As shown, the luminance signal was taken from the video output of the photometer, while the photometer was looking at the display with the screen fully lit (all RGB colors on). The vertical synchronization (sync) signal was used as the triggering source to the scope, to look at the luminance response of the plasma display for one frame time period.
For comparison purposes, two sets of measurements were performed, one on the Fujitsu plasma and the other on a typical CRT monitor, specifically, the HP UltraVGA 1280 (the same monitor used on the PC that generated the test patterns for this characterization effort). Figures 3 and 4 show the results of the luminance response characteristic for the plasma and CRT display, respectively. Each figure shows two traces. The top trace is the vertical sync signal coming off the PC to the display and the scope. As shown, the time interval between sync signals is approximately 16.67 ms, corresponding to one frame time, or the 60-Hz refresh rate of the display The bottom trace is the luminance signal from the photometer. In the case of the CRT, it can be seen that a single pulse was responsible for all the light output coming off that frame period. The Fujitsu plasma, however, showed three distinct pulses, with rather fast rise time and slow decay time. Apparently, the unique drive scheme of the plasma was responsible for these pulses. With the scope set to a higher resolution acquisition mode, all three pulses had spikes of significant amplitude on top of them, as shown in figure 5 . Response from the CRT did not show such spikes. It should also be pointed out that in addition to the spikes, the plasma waveform also contained noises and other signals running across the scope. Since the frequencies of these signals were unknown, it was not possible to lock onto them to observe their waveforms and determine if they played any role in the overall luminance output of the plasma.
Time responses for each of the RGB colors revealed similar results. The Fujitsu plasma display showed multi-pulses (with different wave shapes for each color, as well as for white) for each color, whereas the CRT showed a single pulse for each color.
Spectral Scans
With both the MOD10 software and the Pritchard PR-1980B set to spectroradiometer mode, spectral scans were performed on each of the RGB colors on the Fujitsu display. The range of scan was chosen to be from 380 to 780 nm, in steps of 1 nm. For comparison purposes, similar spectral scans on a CRT (the HP UltraVGA monitor) were also performed. Results are shown in figures 6 to 8 (for the plasma display) and 9 to 11 (for the CRT). 
CIE Chromaticity
As these figures show, the CRT scans generally have "cleaner" pulses compared to those of the plasma. Especially for the green and blue, the CRT scans show that a single pulse was more or less responsible for the output for each of the respective green and blue; in the case of the plasma, multiple small pulses other than the dominant pulse outside the color range were responsible for the respective green and blue. The CRT green and blue pulses were also wider than those of the plasma display As for the red, figure 6 shows that the plasma display has three distinct pulses between 590 and 626 nm, whereas the CRT also has three pulses, but located around 620-630 and 710 nm. All these were narrow pulses. It is also interesting to note that the plasma display has a spike of significant magnitude at around 585 to 590 nm in all three colors.
The MOD10 software, a DOS-based program that provided the interfaces and controls for the operation of the Pritchard PR-1980B, generated the CIE chromaticity diagrams from the data taken from the spectral scans. Table 3 summarizes the results of these measurements and compares them to the standards of CCIR D65 Rec. 709 and ITU D65 (the current industry standards) for contemporary monitors and high-density television (HDTV). As can be seen in the table, data on the CRT are fairly close to those of the CCIR/ITU standards, whereas the data on the plasma show a notable deviation from the standards for the blue. Visually, though, there was a more noticeable difference between the CRT and the plasma display on the red than on the blue: the red appears more saturated on the CRT than on the plasma, where it appears washed out. -I,,,,,,, ,,>, ,, 
Life Test
As of this writing, the life test is still in progress, and only limited, preliminary results are available at this time. A follow-on report is planned to document final results at the end of the test. The main objectives of the life test are to determine the luminance output of the display before and after the life test, and to observe the effects of "on-aging" and "off-aging" on the panel. On-aging and off-aging refer to the effects of aging on areas of the display where pixels are fully on and off, respectively, during the life test; our objective is to determine what effect aging has on the on and off areas of the display in its luminance output and spectral scans. Figure 24 shows the image pattern for the life test. The black and white areas represent, respectively, areas where pixels are fully off and on during the life test. The settings for both the display's brightness and contrast were at maximum during the life test.
So far, the life test has been conducted for about 2900 hr. Three separate luminance measurements were made on on and off areas of the panel, after 800,1500, and 2900 hr. The areas were chosen to be the two most centered spots in figure 24. During these measurements, we found that a residual image of the test pattern in reverse (the on-off pattern was reversed) was created and "imprinted" onto the screen. We first noticed the image at the first measurement, after 800 hours. It was visible at all times, and at all brightnesses and contrast settings, and appeared fixed as a background image on the screen even when all pixels were turned off or on. Its effect on the luminance output can be seen in table 4. As the table shows, after 2900 hr, the on area seemed to have a small degradation in luminance, especially at maximum brightness and contrast settings, whereas the off area showed little change. Additional data are needed to confirm this. Spectral scans should also reveal changes, if any, in each of the red, green, and blue colors.
Pending more investigation at the end of the life test, it is worthwhile to determine whether the residual image is a reversible or a permanent process. At least during the approximately 2 hr duration which the luminance measurements were taken, the residual image did not appear to have any significant changes. 
Summary
The uniformity measurements showed a luminance dependence on information/image content that could affect the display's use where night vision and dimming are required. The uniformity measurements showed values of 7.56, with a high of 8.0 and low of 7.2 (at middle brightness and contrast settings). This gives an overall nonuniformity of 10.6 percent, which is within acceptable limits, since the variation was gradual over the whole panel. The response of the panel is fast enough to show moving images. The color of the display appears somewhat washed out, because of the lack of color saturation, as shown by the CIE plots. This lack of saturation would not significantly affect the display's performance, however.
Limited preliminary data from the life test show measurable effects on the luminance output, and a residual image as a result of the on-off aging pattern. Further investigation and measurements at the end of the test will determine the exact extent of the on-off aging's effect on the display's luminance uniformity, as well as the color plots, and will show whether the residual image is a permanent or reversible process. 
